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Final Examination Name . ——
You must show all of your work -

soiething, provide an explanation that could be understood by someone
who does not have forma?' training in statistical methods. Your explanations should be clear, but

concise. Each questierror part of a question is worth 5 points for a total of 100 points. -

- 1. Consider the following system diagram. Assuming that the three components fail indepen-
dently, derive an expression for the cdf of the system as a function of Fy, Fy, and Fj, the cdfs
of the individual components. ' _
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. Bayesian methods are becoming increasingly popular in many areas of application of statistics.

* Part of the reason for this is that modern computing capabilities have made it possible to

solve real problems that could not be solved in the past. In the area of reliability, however,
- . Bayesian methods are often viewed with some skepticism.

(a) What is the most important advantage or potential advantage for the use of yesian
methods in reliability analysis and decision making? :
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SRR . (b) What is the most important danger involved with the use of Bayesian methods in relia-

- bility data analysis and decision making? NI : _
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{c) Supp available prior information as well as Typell censored data
from 2 sample of 100 switches. Given a Monte Carlo sample of 2000 pairs of u*, o* values

the posterior pdf f(u,5{DATA), explain how to approximate the marginal posterior
ibution for ¢4, the .1 quantile of the life distribution of the switches and how to find

a.. ayesian confidence (or credible) in or 14. L ¥
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3 A company that owns a fleet of 130 antomobiles keeps track of all repmsmd comiponent .-
‘replacements. Part of the data base provides the life times of components (eg., hght bulbs .
hoses, and belts) that are replaced upon failure or through preventive maintenance in an
attempt to reduce unexpected failures. For the purposes of this question, let us consider the
bulbs used in head lights. These bulbe at present, are not replaced until there is a failure.

(a) How would you interpret the mean cumulative functlon (MCF) for light bulbs failures

imated from mforma.tlon co\l}lmed on this fleet of a.utomobll ?
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(b) How would you interpret the pomtmse ence intervals for the MCF if they were

computed from information collected on this fleet of automobiles? Hint: You have to
specify the population or process being, described by, the confidence interval.
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{c) Suppose that the failure times of light bulbs within a car over time are identically and
independently distributed. Then a renewal process would provide an appropriate model
and it wetild make sense to try to estimate the lifetime dzstnbutlon of the bulbs. Give

reasons why assuxf ption n:ug t not be "‘T b M bLCQUS—Q.
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~ (e) If failure times of any pa.rtlcular component in the a,utomoblles are 1dentxcally)and inde-
pendently distributed, how could the shape of the component’s hazard function be used

to indicate whether the component in an automobile should be replaced before it fails or
not? Dra.w a picture and explain.
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4. Refer to Table C.20 (copy attached). A life test is planned 1mtmlly to run for 1000 hours
‘and the responsible engineers feel that life can be described by a lognormal distribution with
¢ =.5 and with approximately 2.28% of the units failing at the end of the 1000 hour test.

(2) Management has asked for an estimate and a 95% confidence interval for t5 for thls

distribution. In planning the test, it is thought that the sample size should be large

’ ‘enough such that the confidence mterva.l upper endpoint should be approximately 40%

larger than the ML estimate of ¢5. What is the approximate sam sample size that is needed

 to estimate ¢ 5 for this distribution, according to the speaﬁed cntenon, assummg that
both i a.nd cz' w111 be estimated u?mg the method of
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{b) Figure 10.6 (co ) can be used to obtain the variance factor used in the equation

to find the a.ppro:nma.te sample size needed to estimate a particular lognormal quantile.

Use this figure to find the sample size needed to estimate ¢ such that a 95% confidence
interval upper endpoint should be approximately 40% la.rger than the ML estimate of
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(c) Give an equation to show how the variance factor from Figure 10.6, used in pa.rt (b},
could be computed from the information in Table C. 20
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(d) Note that some of the hnes at the bottom of Figure 10.6 tend to bunch together What

is the intuitive explanation for this behavior of these lines? What genqra‘{_ ’ﬁ% m?I‘l\ tSh ing et
t

does ve for test planning
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be possible to test longer than 1000 hours, 1f neecled) tha.t is to be used to estimate ¢ .
Use Figure 10.6 to make a qualitative argument as to whether this is a useful way to
spend additional testing resources. How much could the needed sia;lj;me be reduced

by making the test longer? _ ~+ ,]_ Iy
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" 5. The inverse power relationship-lognermal model is

Pr[T < t;volt] = &y, [lOS(g - P] | ] | : - _ |

where pt = B+ (12, z = log(volt), volt is voltage stress that could be measured, for example,
in kV/mm, and ¢ is constant.

(a) Derive an expression for the quantile of the lognorma.l distribution as a function of volt-
age siress.
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(b} Engineers often think in terms of acoele:ratlon factors. Derive an expression for the ac,
celeration factor that one would have for testm a.t volit; versus volt,. £ 3
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6. Practical application of accelerated life testmg methbds reﬁ)um some knowledge of the un-
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7. In gen » Planning values are needed to do test planning ah determine amp e s;ze
needed to provrde a specified degree of precision.
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(a) Expla.m why such planning values
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they cannot be expected to provide anything like exact parameter values (otherwise they bt h&ﬂﬂ-ﬁm
d have no reason to run the test!). What can be done to protect against the use of
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disjfibution) is related to a pmba.b:
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